Several bench-scale column tests (resin bed volume ≤75 mL) have been conducted with
simulant compositions which are representative of the basic waste categories requiring treatment in the Hanford River Protection Project Waste Treatment Plant. Considerable loading performance variability was observed between the three waste types, although the resin is effective at rhenium removal from each solution. Careful and frequent analysis during elution studies conducted at the conclusion of the column loading tests confirmed that sodium nitrate and sodium perrhenate ion pairs are primary sorbing species on SuperLig ® 639 resin. Furthermore, it was discovered that potassium nitrate and potassium perrhenate salts are significant competitors for sorption sites on the resin.
Successive desorption profiles were identified for all four salt species during elution tests.
Integration of the desorption profiles revealed that the resin is selective for removal of the potassium salts over the sodium salts.
BACKGROUND
The Hanford River Protection Project (RPP), funded by the United States Department of Energy, focuses on the design and construction of a Waste Treatment Plant (WTP) for the treatment of millions of gallons of radioactive waste. The waste, which is a legacy byproduct of the production of nuclear weapons, is currently stored in tanks in Hanford,
Washington. The tanks contain varying amounts and types of solids and millions of gallons of aqueous supernate. While all of the supernate is alkaline and primarily contains dissolved sodium salts, significant compositional variation is observed between tanks. The processing scheme for the Hanford waste therefore requires robust treatment technologies and extensive testing to validate performance under the range of feed solutions and potential operating conditions. processing conditions. The sorption kinetics tests were designed to determine fundamental mass transfer coefficients, which serve as primary model input.
Specifically, film and pore diffusion coefficients were determined by manipulating the liquid flow rate in a small differential column apparatus (2) . A separate report will describe the sorption kinetics test results and the modeling methodology and output.
Results of the column testing are described in this report.
Column tests were conducted with simulants from the three general waste categories (designated as "envelopes"). In the simulant solutions, perrhenate ion is used as a surrogate for pertechnetate ion in the actual waste, since no non-radioactive isotopes of technetium are known. Significant variation was observed between the rhenium breakthrough profiles of the three waste compositions, although the column tests were conducted at constant temperature and volumetric flow rate. The primary factors influencing the breakthrough performance were believed to be the perrhenate concentration, the nitrate:perrhenate molar ratio, and the total solution ionic strength (3).
Nitrate is considered to be the primary competitor for sorption sites on the resin and is present in the simulant solutions at concentrations that are orders of magnitude higher than perrhenate ion. The effective capacity of SuperLig ® 639 resin has also been shown to increase with the total solution ionic strength. This is consistent with the fact that the resin can be eluted with water.
At the conclusion of each loading test, the feed was displaced from the columns with 0.1 M NaOH at a flow rate of 3 BV/hr. The columns were subsequently eluted with deionized water at 1 BV/hr and 65 °C. On-line (inductively couple plasma -emission spectroscopy) analysis of the feed displacement and eluate solutions provided detailed concentration profiles for numerous elements, revealing distinct desorption peaks for several species that were bound to the SuperLig ® 639 resin during simulant contact.
Examination of the on-line data and additional ion chromatography data from carefully collected samples provided the first direct evidence that sodium nitrate is a primary competitor for active sites on SuperLig ® 639 resin. Furthermore, the potassium salts, KNO 3 and KReO 4 , were identified as competitor species. Based on these observations, the mechanism of technetium removal would be described (in classical chromatography terms) as "reverse phase ion pair partioning" rather than ion exchange (4). Neutral ion pairs sorb to the active resin sites, although the salts exist predominately in the dissociated form in the mobile solution phase. Table 1 . The Envelope C simulant was used for precipitation testing prior to ion exchange testing following the prototypical treatment strategy for this waste type (7).
The AN-107 simulant was exposed to sodium hydroxide, sodium permanganate, and strontium nitrate reagent additions followed by filtration. The primary compositional changes resulting from these additions involved the sodium, nitrate, and free hydroxide The feed simulant solutions were pumped at a flow rate of 3 BV/hr through the column.
The effluent was continually monitored in real time by inductively coupled plasmaemission spectroscopy (ICP-ES). The on-line monitor utilized an automated sampling
system developed for potential use in the full-scale waste treatment plant (8) . Grab samples of the effluent were also collected for anion chromotography analysis. The loading cycle was terminated when the available feed was consumed. The simulant was displaced from the columns with 0.1 M sodium hydroxide solution at a flow rate of 3 BV/hr. The columns were then eluted with deionized water at 65 °C using a flow rate of 1 BV/hr. The packed column utilized for testing the Envelope B simulant was reconditioned after elution with 0.25 M NaOH solution, as described above, and was used for Envelope C simulant testing. Another feature of the desorption data is the apparent broadening of the concentration profiles for the potassium salts relative to those observed for the sodium salts. This feature is most notable for the profile associated with potassium perrhenate. A classical explanation for peak broadening is slow sorption/desorption kinetics (9) . Alternatively, since the column used with the Envelope B solution was not loaded to rhenium saturation, the relative broadening of the KReO 4 band may be due to differences in the distributions of the sodium and potassium perrhenate salts on the column during loading.
RESULTS AND DISCUSSION

Rhenium column breakthrough profiles obtained for Envelope
In this case the two species would experience differing levels of axial dispersion during elution. This would not be the case for the potassium nitrate salt, since the on-line data indicated saturation with this species after processing <5 BV of effluent during column
loading. It appears from the data in Figure 2 that the desorption profile for KNO 3 is also broadened relative to that for the sodium salt, which indicates that slower kinetics for the potassium salts is the reason for the broadening.
Rough estimates of selectivity coefficients between the sodium and potassium salts were obtained from the calculated loading levels for each species on the resin. The selectivity coefficient for KNO 3 over NaNO 3 was determined to be ∼16 The selectivity coefficient for KReO 4 over NaReO 4 was determined to be ∼25. Based on this information, one would expect improved perrhenate (or pertechnetate) removal performance for SuperLig ® 639 with higher potassium feeds. Soon after the discovery of the potassium selectivity, enhanced performance was observed for an actual waste sample from Hanford tank 241-AP-101 containing 0.75 M K + (10) . Details and discussion of the degree of performance enhancement with this sample will be provided in a separate report. 
CONCLUSIONS
